We present a muon-spin rotation study of the optimally doped cuprate superconductor (BiPb) 2 (SrLa) 2 CuO 6+δ . The measured magnetic field dependence of the in-plane magnetic penetration λ ab suggests superconductivity with a dominant d-wave order parameter. The comparison of the temperature dependence of λ ab with calculations, assuming the angular gap symmetry as obtained from photoemission measurements, is consistent with a partial suppression of the quasi-particle weight towards the anti-nodal region of the Fermi surface. This suggests that the superconducting and the pseudogap state are dominated by different parts of the Fermi surface.
Introduction
An important open question in cuprate physics is the relevance of the pseudogap phenomenon for the occurrence of high-temperature superconductivity. The generic phase diagram of cuprate superconductors is determined by an antiferromagnetic, a pseudogap, and a superconducting phase, which are characterized by their respective transition temperatures T N , T * , and T c . Below T * the pseudogap state emerges and the density of states at the Fermi level is decreased. Below T c the superconducting state appears. In the case that the pseudogap is a precursor phenomenon of superconductivity, long-range phase coherence will be established only below T c and all electronic states, including those affected by the occurrence of the pseudogap, begin to form the superconducting condensate. In other words, all electronic states over the whole Fermi surface, except for those at the nodes, contribute to superconductivity. However, a second possible scenario is that the superconducting condensate is formed only by those states which are not influenced by the opening of the pseudogap.
Various experiments support the latter scenario [1] [2] [3] [4] [5] [6] . Angle resolved photoemission spectroscopy (ARPES) [3, 4] reveals that the energy gap which opens at T c exhibits point nodes along the diagonal of the Cu-O bond, consistent with dominant d-wave superconductivity. Furthermore, it was shown that the pseudogap appears below T * and develops gradually to its maximum value towards the anti-nodal region of the Fermi arc, whereas it vanishes in a region near the nodes. In recent Raman-scattering experiments, an almost temperature independent anti-nodal gap in underdoped cuprates was found below T * [5] . In contrast to that, the energy gap in the near-nodal region opens below T c and follows a well-defined BCS temperature dependence [4] . In addition, the near-nodal gap scales with T c [4] , whereas the anti-nodal gap size increases in general when lowering the doping in the underdoped regime [5] . These experimental observations suggest that the pseudogap and the superconducting state are coexisting phenomena, which may arise from different parts of the Fermi surface.
Muon-spin rotation (μSR) experiments allow to deduce the magnetic penetration depth λ, which is related to the superfluid density as λ −2 ∝ ρ s ∝ n s /m * , where m * and n s denote the supercarrier mass and density, respectively. This relation is valid within the London model (λ ξ ). The temperature dependence of λ is determined by the amplitude of the superconducting energy gap and its temperature and angular dependence. It is not possible to reconstruct the amplitude and the exact angular dependence directly from μSR data. However, by assuming d-wave superconductivity, λ(T ) can be reconstructed. This reconstruction yields a gap value. ARPES measurements provide the amplitude and the angular dependence of the energy gap. By comparing bulk-sensitive μSR and surface-sensitive ARPES [3] experiments, different gap scenarios were tested. We find consistency between data of these two methods obtained for optimally doped (BiPb) 2 (SrLa) 2 CuO 6+δ by assuming that superconductivity is caused only by states from the near-nodal part of the Fermi surface, i.e. that the anti-nodal states affected by the pseudogap do not participate in the superconducting condensate. The main results of this contribution are published in [7] .
Experimental Details
The μSR experiments were conducted on Pb-and Sr-doped single-crystalline (BiPb) 2 (SrLa) 2 CuO 6+δ at optimum doping (OP Bi2201) with T c = 35 K and a transition width ∼3 K. The sample preparation is described elsewhere [8, 9] . Exchanging Bi partially for Pb does not change T c , but removes partially the buckling of the insulating BiO layer, which is relevant for ARPES studies [3] . The doping level is controlled by the relative amount of Sr and La.
OP Bi2201 is an ideal compound to investigate the connection between the superconducting and the pseudogap phase by means of μSR for the following reasons. First, recent ARPES studies provide detailed information on the amplitude and the angular dependence of the energy gap of OP Bi2201 [3] . Furthermore, a large difference between the two involved energy scales is advantageous, and the pseudogap size in OP Bi2201 is roughly three times larger than the superconducting one.
The transverse-field μSR experiments were carried out at the Paul Scherrer Institute (Villigen, Switzerland). Technical details of this method can be found in [10] . Two OP Bi2201 crystals with an approximate size of 4 × 2 × 0.1 mm 3 were field-cooled to 1.6 K in fields ranging from 5 to 640 mT. The field was applied along the c axis of the crystals, thus probing the decay of the magnetic field within the abplane (λ ab ). The μSR time spectra were analyzed by a twocomponent Gaussian approximation [7, 11, 12] :
from which the internal magnetic field distribution P (B) of the superconductor in the mixed state was obtained by Fourier transformation:
A i , σ i , and B i denote the asymmetry, the relaxation rate, and the mean field of the ith component, γ μ = 2π × 135.5342 MHz/T is the muon gyromagnetic ratio, and φ is the initial phase of the muon-spin ensemble. λ ab was derived from P (B) within the second-moment model [7, 11, 12] :
where λ −4 ab ∝ σ 2 tot − σ 2 nm = σ 2 sc . σ nm is the additional relaxation rate due to the nuclear moments, σ sc is the superconducting state contribution, and B is the first moment of P (B).
Results and Discussion
The field dependence of the second moment of P (B) measured at 1.6 K is depicted in Fig. 1 . The solid black line was calculated using the model of Brandt [13] , assuming an isotropic s-wave superconductor with λ = 360 nm and ξ 2.6 nm. The coherence length ξ was estimated from the second critical field μ 0 H c2 (0) 50 T [14] . In the case that the superconducting gap possesses nodes, a field dependent correction to the superfluid density ρ s due to its nonlinear and nonlocal response to the applied field has to be taken into account [15] . The nonlinear response of a d-wave superconductor is given by [16, 17] 
